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(S) Transmission. 

@ A continuously variable transmission has an 
input shaft (12), an output shaft (18, 51) and first 
and second epicyclic gear trains (10, 11) each 
with an input member (13:16), an output mem- 
ber (17 :19) and a reaction member (23 :25). An 
hydrostatic shunt loop comprising first and sec- 
ond hydraulically interconnected variable dis- 
placement hydraulic units (H1, H2) 
interconnects the two epicyclic gear trains. The 
input members (13:16) of both epicyclic gear 
trains are driven from the input shaft (12) and 
the output members (17 :19) of both epicyclic 
gear trains drive the output shaft (51). First (14, 
26, 27, 28, 29) and second (34, 34a, 28, 29) drive 
trains are provided for alternatively coupling the 
first variable displacement hydraulic unit (H1) 
respectively to either the input shaft (12) or the 
reaction member (23) of the first epicyclic gear 
train (10), third (37, 38, 39, 40) and fourth (43, 44, 
45, 39, 40) drive trains are provided for alterna- 
tively coupling the second variable displace- 
ment hydraulic unit (H2) respectively to either 
the output shaft (51) or the reaction member 
(25) of the second epicyclic gear train (11). A 
transmission control system (CS) is provided for 
selective operation of the first, second, third 
and fourth gear trains to operate the transmis- 
sion in three modes. 

In the first mode, the second and third gear 
trains are operational to utilise the first epicyclic 
(10) only with its reaction member (23) connec- 
ted to the output shaft via the hydrostatic shunt 
loop. In the second mode, the second and 
fourth gear trains are operational to utilise both 
epicyclics (10, 11) with their reaction members 
(23, 25) interconnected via the hydrostatic 
shunt loop. Finally, in the third mode, the first 
and fourth gear trains are operational to utilise 
the second epicyclic (11) only with its reaction 
member (25) connected to the input shaft via 
the hydrostatic shunt loop. 
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This invention relates to transmissions and in par- 
ticular to continuously variable transmissions (CVTs) 
in which the output ratio of the transmission is vari- 
able in a continuous manner between the end limits 
of its total range. 

It is an object of the present invention to provide 
a CVT with a wide overall operating range which is 
suitable for use in an agricultural or industrial tractor. 

Thus according to the present invention there is 
provided a CVT having an input shaft and an output 
shaft, first and second epicyclic gear trains each with 
an input member, an output member and a reaction 
member, and an hydrostatic shunt loop comprising 
first and second hydrauiically interconnected variable 
displacement hydraulic units, the input members of 
both epicyclic gear trains being driven from the input 
shaft and the output members of both epicyclic gear 
trains driving the output shaft, first and second drive 
trains for alternatively coupling the first variable dis- 
placement hydraulic unit respectively to either the in- 
put shaft or the reaction member of the first epicyclic 
gear train, third and fourth drive trains for alternative- 
ly coupling the second variable displacement hydraul- 
ic unit respectively to either the output shaft or the re- 
action member of the second epicyclic gear train, and 
a transmission control system for selective operation 
of the first, second, third and fourth gear trains to op- 
erate the transmission in three modes, as follows: 

a) with the second and third gear trains opera- 
tional to utilise the first epicyclic only with its re- 
action member connected to the output shaft via 
the hydrostatic shunt loop; 

b) with the second and fourth gear trains opera- 
tional to utilise both epicyclics with their reaction 
members interconnected via the hydrostatic 
shunt loop, and 

c) with the first and fourth gear trains operational 
to utilise the second epicyclic only with its reac- 
tion member connected to the input shaft via the 
hydrostatic shunt loop. 

In a preferred arrangement, one epicyclic gear 
train is coaxial with the input shaft and the other is co- 
axial with the output shaft and a further output gear 
train is provided with shafts coaxial with the input and 
output shafts to extend the overall range of the trans- 
mission. 

The output gear train may also include a reverse 
drive gear train. 

The first and second epicyclic gear trains may 
have identically sized sun, planet and annulus gears. 

One embodiment of the present invention, as ap- 
plied to a tractor transmission, will now be described, 
by way of example only, with reference to the accom- 
panying drawings in which: 

Figure 1 is a diagrammatic section through a CVT 
embodying the present invention; 
Figure 2 is a graphical representation of the pro- 
portion of the total power available transmitted 



mechanically and hydrauiically throughout the 
entire operating range of the CVT; 
Figure 3 is a diagrammatic representation of a 
suitable hydraulic circuit for changing the modes 
5 of the CVT, and 

Figure 4 is a tabular summary of the operation of 
the solenoid-operated valves and piston position 
sensors when in and changing between the 
modes of the CVT. 
10 Referring to Figure 1 , this shows a CVT in accor- 

dance with the present invention which is particularly 
suitable for tractor applications and which includes 
first and second epicyclic gear trains 10 and 11 and 
first and second variable displacement hydraulic units 
15 H1 and H2 which are hydrauiically interconnected via 
passages 6 in a connecting block 7 and which consti- 
tute an hydrostatic shunt loop. Typically these units 
are of the variable swash-plate type, their swash 
plates being diagrammatically shown at S1 and S2 re- 
20 spectively. The use of the connecting block 7 ensures 
minimum pressure drop between H1 and H2. 

An input shaft 12 drives the annulus gear 13 of 
first epicyclic gear train 10 via gears 14 and 15 and 
also directly drives the annulus gear 1 6 of the second 
25 epicyclic gear train 11. The planet carrier 17 of the 
epicyclic gear 10 is connected to an output shaft 18 
and similarly the planet carrier 1 9 of epicyclic gear 11 
is also connected to output shaft 18 via gears 20 and 
21. 

30 Planet gears 22 carried by carrier 17 mesh with 

a sun gear 23 which operates as the reaction member 
of epicyclic gear train 1 0. Similarly planet gears 24 of 
epicyclic gear 11 mesh with sun gear 25 which acts 
as the reaction member of epicyclic gear 11. 

35 In the arrangement disclosed, the epicyclic gear 

trains 10 and 11 have identically sized sun, planet and 
annulus gears thus significantly reducing production 
costs. 

A first drive train constituted by gears 26, 27, 28 

40 and 29 is provided for coupling the hydraulic unit H1 
to the input shaft 12 via a first coupler 30 and gears 
14 and 15. As will be appreciated, the first gear train 
is activated by displacing the coupler 30 to the left 
from the position shown in Figure 1 so that the cou- 

45 pier 30 engages clutch teeth 32. A second drive train 
in the form of gears 34, 34a, 28 and 29 is provided to 
connect the sun gear 23 of epicyclic gear train 10 to 
the hydraulic unit H1. This train is activated when a 
second coupler 35 is in the position shown in Figure 

so 1 in which clutch teeth 33 are engaged. 

As shown diagrammatically in Figure 1, the two 
couplers 30 and 35 are moved between their two pos- 
itions by a single shift rail 5 which is actuated by a dou- 
ble acting hydraulic piston and cylinder assembly 101 

55 (see figure 3) under the control of solenoid operated 
valves EV2, EV3. When coupler 30 is engaged, cou- 
pler 35 is disengaged and vice versa. 

A third gear train is provided in the form of gears 
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37, 38 39 and 40 for connecting the hydraulic unit H2 
with the output shaft 18 when a third coupler 41 en- 
gages clutch teeth 42 as shown in Figure 1. 

A fourth gear train intheformofgears43,44,45, 5 
39 and 40 connects the hydraulic unit H2 with the sun 
gear 25 of epicydic gear train 11 when a fourth cou- 
pler 46 is moved to the right from the position shown 
in Figure 1 to engage the clutch teeth 47. The cou- 
plers 41 and 46 are. moved between their two posi- 10 
tions by a further shift rail 4 which is actuated by an- 
other double acting hydraulic piston and cylinder as- 
sembly 100 under the control of solenoid operated 
valves EV1, EV2 (see Figure 3). 

Figure 3 shows the hydraulic circuit used for mov- 15 
ing the shift rails 4 and 5 using double-acting piston 
and cylinder assemblies 100 and 101 and solenoid- 
operated valves EV1, EV2 and EV3. The axial posi- 
tions of the pistons 102 and 103 within their respec- 
tive cylinders are detected by four sensors C1-C4. 20 
Sensors C1-C4 and valves EV1, EV2 and EV3 are 
connected to an electronic control system indicated 
diagrammatically at CS in Figure 3. 

Figure 4 shows in tabular form the solenoid-op- 
erated valve which must be activated to change be- 25 
tween the three operating modes of the CVT (as will 
be described below) and also the signals given by the 
sensors C1 -C4 when in each of the modes. As can be 
seen from Figure 4 when the transmission is in each 
of the modes the cylinders 1 00 and 1 01 are not pres- 30 
surised and the shift rails are held in the required pos- 
ition by shift rail detents. It will also be evident from 
Figure 4 that the hydraulic circuit is binary in opera- 
tion, that is in order to change between adjacent 
modes of the CVT it is only necessary to actuate a sin- 35 
gle solenoid-operated valve EV1, EV2 or EV3. The 
valves EV1-EV3, the sensors C1-C4 and the double- 
acting cylinders 100 and 101 are all mounted on a re- 
movable side-cover of the transmission housing to 
provide easy serviceability and access. 40 

The CVT also includes an output gear train 48 
which provides a low range, a high range and a re- 
verse drive range thus extending the total overall ratio 
range of the transmission. The output gear train 48 in- 
cludes a coupler 49 which, when moved to the left 45 
from the position shown in Figure 1, engages clutch 
teeth 50 to couple final output shaft 51 with output 
shaft 18 and provide the high range of the output gear 
train. Two other gear trains 52, 53 and 54, 55, 56 are 
provided which can be selectively engaged by opera- so 
tion of a furt her coupler 57. With coupler 49 disengag- 
ed as shown in Figure 1 and coupler 57 moved to the 
left from the position shown in Figure 1, gear train 52, 
53 is engaged via clutch teeth 58 and drive is trans- 
mitted from output shaft 18 via gears 21, 20, 53, 52 55 
to the final output shaft 51 to provide the low range 
of the output gear train. If coupler 49 is disengaged as 
shown at Figure 1 and coupler 57 is moved to the 
right, gear train 54, 55, 56 is then connected to pro- 



vide drive from output shaft 1 8 via gears 21 , 20, 56, 
55, 54 on to the final output shaft 51 in its reverse 
range due to the provision of he reverse idler 55 be- 
tween gears 56 and 54. 

Thus, as will be appreciated, by use of the output 
gear train 48, the total overall forward ratio of the CVT 
is doubled and a reverse drive capability is also pro- 
vided. 

Also, input shaft 12 travels longitudinally through 
the transmission to emerge at location 1 2A. This shaft 
can be used to provide a power-take-off (PTO) facility 
for the tractor. 

The transmission arrangement described is par- 
ticularly compact and fits into a standard existing trac- 
tor transmission housing 9 with the addition of a re- 
movable dished plate 8 which slightly increases the 
internal size of the housing and also provides easy 
access to the hydraulic units and the remainder of the 
transmission. The hydraulic units may be bolted to the 
inside of the plate 8 for ease of removal and thus op- 
timum serviceability. The aperture in the housing 
which the plate 8 covers is also used for transmission 
assembly. 

It will be appreciated that the couplers 30, 35, 41 
and 46 described above are preferably of the syn- 
chromesh type. 

Operation of the CVT will now be described with 
reference to Figure 2, which shows the relative per- 
centage of the total power transmitted mechanically 
and hydraulically throughout all the operating modes 
of the transmission. 

In order to move the tractor away from rest, the 
low ratio of the output gear train 48 is selected by the 
control system CS of the CVT by moving coupler 57 
to the left as viewed in Figure 1 and the control sys- 
tem of the CVT engages the couplers 35 and 41 as 
shown in Figure 1 in order to connect the sun gear 23 
of planetary gear train 10 with the output shaft 18, so 
that the transmission is running in its first mode, the 
so-called output coupled condition with the double- 
acting cylinders 100-101 in the positions shown in 
Figure 3. In this mode the hydraulic unit H2 acts as a 
motor with its swash plate S2 set to give the maximum 
volumetric displacement condition, as shown in Fig- 
ure 1, and the hydraulic unit H1 acts as a pump with 
its swash plate S1 set to give a nil flow rate. In this 
condition the pressure in the hydraulic circuit inter- 
connecting units H1 and H2 is dictated by the torque 
acting on the output shaft 18. 

To move awayfrom restthe setting of swash plate 
S1 is progressively changed by the control system to 
begin the build-up of pumping pressure in unit H1 to 
overcome the torque on the output shaft 18. Unit H2 
then starts to rotate and to drive the output shaft un- 
der a maximum torque defined by the pressure set- 
ting of an hydraulic relief valve (not shown) in the con- 
nection between units H1 and H2. 

The torque needed to drive the pump H1 increas- 
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es as the setting of swash plate S1 is changed to in- 
crease its volumetric displacement As a conse- 
quence, additional torque is transmitted to output 
shaft 18 through the output member 17 of epicyclic 
gear train 10. In addition, the speed of the unit H2 and 
the output shaft 18 increases as the volumetric dis- 
placement of H1 increases and the transmitted power 
increases along portion OP of the curve shown in Fig- 
ure 2. 

When unit H1 achieves its maximum volumetric 
displacement, the maximum power is transmitted to 
the output shaft and this corresponds to point P in 
Figure 2. A small part of this power is transmitted 
through the hydraulic shunt loop provided by Unit H1 
and H2. The ratio obtained at this point P is aD, as 
shown in Figure 2. 

The range from rest (a = o) to aD is a starting 
range and the tractor can move away from rest with- 
out any loss of energy as long as the torque on the 
output shaft at rest does not give rise to a shunt loop 
hydraulic pressure which exceeds the relief pressure 
setting of the hydraulic relief valve in the connection 
between units H1 and H2. 

if the resisting torque on the output shaft gives 
rise to a pressure which is higher than the relief valve 
setting, the relief valve will open resulting in a loss of 
energy but since the torque of unit H1 increases with 
the volumetric displacement so the torque transmit- 
ted to the output shaft will nevertheless increase up 
to the maximum torque available at ratio aD at point 
P. 

To increase the output speed above aD along 
portion PQ of the curve, the setting of swash plate S1 
is progressively changed by the control system to re- 
duce the volumetric displacement of hydraulic unit 
H2. This increases the speed of unit H2 and the out- 
put shaft 18 up to a ratio a1 at point Q. At point Q the 
volumetric displacement of motor H2 is nil and hence 
pump H1 is hydraulically locked and all the power is 
transmitted mechanically from the input shaft 12 to 
the output shaft 18 through the epicyclic gear train 10 
which has its sun gear 23 held stationary by the 
locked unit H1. Point Q gives a ratio a1 with the hy- 
draulic unit H2 running at its maximum speed but 
without the transmission of torque. 

At point Q the control system actuates valve EV2 
which pressurises the left-hand end of piston 103 
which is already displaced fully to the right and also 
pressurises the left-hand end of piston 102 which 
moves piston 102 to the right. This moves shift rail 4 
to disengage coupler 41 from clutch teeth 42 thus dis- 
engaging gear 37 from output shaft 18 fractionally be- 
fore engaging coupler 46 with clutch teeth 47 to cou- 
ple the gear 43 with the reaction member (the sun 25) 
of the epicyclic gear train 11. The tooth numbers of 
the gears 43, 44, 45, 37, 38, 39, 40 are chosen in or- 
der that gears 25 and 43 rotate at the same speed at 
point Q to enable coupler 46 to be moved quickly in 



order to obtain a smooth continuity of ratio variation. 

After this change at point Q, the transmission is 
operating in its second mode in which the reaction 

5 members (the suns 23, 25) of the epicyclic gear trains 
10 and 11 are interconnected via the shunt loop. In 
this mode unit H1 is still connected to the epicyclic 
gear train 10 but now works as an hydraulic motor and 
the unit H2 is connected with the epicyclic train 11 

10 and now works as an hydraulic pump. The change 
from mode two to mode one is made (as can be seen 
from Figure 4) by actuating valve EV1 which pressur- 
ises the right-hand end of piston 102 to move this pis- 
ton to the left to the position showed in Figure 3. 

15 The overall output ratio of the transmission can 
then be varied from a1 to a2 along portion QR of the 
curve shown in Figure 2 by varying the swash plate 
angles of the hydraulic units H1 and H2. 

At output ratio a2 which corresponds to point R 

20 on the curve of Figure 2, the hydraulic unit H1 is in a 
zero volumetric displacement condition so that the 
unit H2 is hydraulically locked thus holding the sun 25 
of epicyclic gear train 11 locked. The gear trains driv- 
ing the couplers 35 and 30 are arranged to be such 

25 that at the point R the couplers rotate at the same 
speed. This allows the control system to actuate valve 
EV3 which pressurises the right-hand end of piston 
1 03 to move piston 1 03 to the left, as viewed in Figure 
3. This in turn moves shift rail 5 to engage coupler 30 

30 with clutch teeth 32 fractionally before coupler 35 is 
disengaged from clutch teeth 33 so that the sun gear 
25 of epicyclic gear train 11 is now driven from the in- 
put shaft 12 via the hydraulic units H1 and H2 and the 
CVT is operating in its third mode. The swash plate of 

35 hydraulic unit H1 is opened by the control system CS 
to begin to drive H2 which in turn begins to drive the 
sun gear 25 of epicyclic gear 11 so that the speed of 
planet carrier 19 increases, thus increasing the over- 
ail output ratio of the transmission up to ratio aR at 

40 point S in Figure 2. 

The change in the opposite direction from mode 
three to mode two of the CVT can also be made at 
point R by actuating valve EV2 which pressurises the 
left-hand end of both pistons 102 and 103. Since pis- 

45 ton 102 is already displaced to the right this has no 
effect on piston 1 02 but piston 1 03 is displaced to the 
right to move shift rail 5. 

The portion S to T of the curve of Figure 2 repre- 
sents the regulator slope on the torque/speed char- 
so acteristicof the engine between the maximum power 
point and the no-load maximum engine speed condi- 
tion. 

As described above, the control system CS of the 
CVT ensures that whenever the tractor starts from 
55 rest the output gear train 48 is in its low range. The 
system then controls the swash plate angles and the 
couplers, as described above, in order to shift the 
overall range of the transmission from zero to aR, as 
described above. 
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ary gear trains 10, 11 and two simple gear trains (14, 
15 and 20, 21) defining ratios a1 and a2, is very ver- 
satile. The variation of speed range is limited by the 

5 hydraulic elements for a given engine power. How- 
ever, a larger range is possible for smaller engine 
power simply by changing the ratios of the gear trains 
14, 15 and 20, 21. In addition, with the output gear 
train 48 essentially separate from the front variator 

10 section, it is simple to adapt the output gear section 
for any application without altering the variator sec- 
tion. For instance, the output gear train 48 could be 
used to supply an overdrive ratio in place of the low 
range and reverse described above. 

15 Also the basic two-shaft layout of the transmis- 
sion with the second planetary gear train 11 coaxial 
with the input shaft 12 and PTO shaft 12A and with 
the first planetary gear train 10 coaxial with the out- 
put shaft 51 is allowing the output of the transmission 

20 to be taken either at shaft 51 as described or, alter- 
natively, with appropriate internal gearing modifica- 
tions, coaxial with input/PTO shaft 12/12A. This en- 
ables the variator and total transmission to be easily 
matched to any vehicle kinematic giving great versa- 

25 til it y. 

Also, as mentioned above, the two shaft layout 
allows easy use of identically sized sun, planet and 
annulus gears thus significantly reducing production 
costs. 

30 



When the output ratio aR is achieved at point S, 
the control system CS automatically changes to the 
high range of the output gear train 48, as follows. 

Firstly, the control system CS releases the pres- 
sure in the hydraulic shunt loop via an electrically op- 
erated check valve (not shown) in the connection be- 
tween units Hi and H2. The system then places the 
range change coupler 57 in its neutral position so that 
neither gear train 52, 53 nor train 54, 55, 56 is coupled 
to the output shaft 51. The mode and overall output 
ratio of the CVT is then adjusted in order to minimise 
the speed differential between output shaft 51 and 
the high range clutch teeth 50 carried on shaft 18. 
The coupler 49 is then moved by an electro- hydraulic 
actuating system (not shown) to engage clutch teeth 
50 to connect the high range of the output gear train. 
This is possible because there is a large overlap be- 
tween the low and high ranges. 

The low to high range change procedure descri- 
bed above produces a very fast change without any 
jerk and requires no action on the part of the tractor 
operator, who simply moves a single control lever 
along a straight gate from a zero speed position up to 
a maximum speed position, whereupon the control 
system CS makes the necessary mode and range 
changes to achieve the speed selected by the oper- 
ator. 

The forward/reverse drive direction is selected by 
the tractor operator moving a separate control lever, 
mounted on the steering column, into either a forward 
or reverse drive direction selection position. 

If the tractor is moving in the forward direction 
and reverse is selected by the operator, the control 
system reduces the speed of the tractor by changing 
the modes and, if necessary, the ranges of the CVT 
to bring the tractor to rest using the maximum engine 
braking effect without exceeding a predetermined 
limit of deceleration. When the tractor is at rest and 
the output ratio a of the CVT is zero, the system will 
move the coupler 57 using an electro-hydraulic ac- 
tuating system (not shown) to select the reverse drive 
train 54, 55, 56 and will then increase the setting of 
hydraulic units H1 and H2 and make the necessary 
mode changes to achieve the speed in reverse select- 
ed by the operator. 

As is evident from the above and as can be seen 
from Figure 2, the CVT has a region of full power util- 
isation between aD and aR. Typically, when the CVT 
is operating with the low range of output gear train 48 
engaged, ground speed of 0 to 17 Km/hour can be 
achieved so that all the normal field working opera- 
tions can be undertaken in low range. 

The high range typically allows ground speeds of 
0 to 40 Km/hour and the change between the high 
and low ranges is typically made at, say, 14 Km/hour 
without any interruption in the drive capability of the 
CVT. 

The CVT described above, with identical planet- 



Claims 

1 ) A continuously variable transmission having an 

35 input shaft (1 2) and an output shaft (1 8, 51), first and 
second epicyclic gear trains (10, 11) each with an in- 
put member (13:16), an output member (17:1 9) and a 
reaction member (23:25), and an hydrostatic shunt 
loop comprising first and second hydraulically inter- 

40 connected variable displacement hydraulic units (H1 , 
H2) interconnecting the two epicyclic gear trains, the 
transmission being characterised in that the input 
members (13:16) of both epicyclic gear trains are driv- 
en from the input shaft (1 2) and the output members 

45 (17:1 9) of both epicyclic gear trains drive the output 
shaft (51), first (14. 26, 27, 28. 29) and second (34, 
34a, 28, 29) drive trains are provided for alternatively 
coupling the first variable displacement hydraulic unit 
(H1) respectively to either the input shaft (12) or the 

50 reaction member (23) of the first epicyclic gear train 

(10) , third (37, 38, 39, 40) and fourth (43, 44, 45, 39, 
40) drive trains are provided for alternatively coupling 
the second variable displacement hydraulic unit (H2) 
respectively to either the output shaft (51) or the re- 

55 action member (25) of the second epicyclic gear train 

(11) , and a transmission control system (CS) is pro- 
vided for selective operation of the first, second, third 
and fourth gear trains to operate the transmission in 
three modes, as follows: 
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a) with the second and third gear trains opera- 
tional to utilise the first epicyclic (1 0) only with its 
reaction member (23) connected to the output 
shaft via the hydrostatic shunt loop; 5 

b) with the second and fourth gear trains opera- 
tional to utilise both epicyclics (10, 11) with their 
reaction members (23, 25) interconnected via the 
hydrostatic shunt loop, and 

c) with the first and fourth gear trains operational w 
to utilise the second epicyclic (11) only with its re- 
action member (25) connected to the input shaft 

via the hydrostatic shunt loop. 

2) A transmission according to Claim 1 character- 
ised in that one epicyclic geartrain (11) is coaxial with 15 
the input shaft (1 2) and the other epicyclic gear train 
(10) is coaxial with the output shaft (18, 51) and a fur- 
ther output gear train (48) is provided with shafts co- 
axial with the input (12) and output (18, 51) shafts to 
extend the overall range of the transmission. 20 

3) A transmission according to Claim 2 character- 
ised in that the output gear train (48) also includes a 
reverse drive gear train (54, 55, 56). 

4) A transmission according to any one of claims 

1 to 3 characterised in that the first and second epi- 25 
cyclic gear trains (10, 11) have identically sized sun 
(23:25), planet (22:24) and annulus (13:16) gears. 

5) A transmission according to any one of claims 
1 to 4 characterised in that the first and second drive 
trains are coupled by separate couplers (30, 35) op- 30 
era ted by a single shift rail (5) and in that the third and 
fourth drive trains are coupled by further separate 
couplers (41 , 46) operated by a further single shift rail 

(4). 

6) A transmission according to Claim 5 character- 35 
ised in that each shift rail (4, 5) is operated by a sep- 
arate fluid-pressure operated double acting piston 

and cylinder assembly (100, 101). 

7) A transmission according to Claim 6 character- 
ised in that pressure at the ends of the double-acting 40 
piston and cylinder assemblies (100, 101) is control- 
led by solenoid-operated valves (EV1, EV2, EV3) to 
move the associated shift rails. 

8) Atransmission according to Claim 7 character- 
ised in that three two-position solenoid-operated 45 
valves (EV1 , EV2, EV3) are used to control the pres- 
sure at the ends of the double acting piston and cy- 
linder assemblies (100, 101), the valves being inter- 
connected in a fluid circuit which is binary in operation 

so that changes can be made between adjacent so 
modes of the transmission by activating only an ap- 
propriate single one of the valves. 
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